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(54) Electrodeposition coating film thickness calculating method and electrodeposition coating 
film thickness simulation apparatus 

(57) A finite element model of the environment of 
electrodeposit coating is prepared by a simulation meth- 
od, change of an electric field in an electrolytic cell (7) 
for the case of electrodeposit coating is simulated, the 
distribution of currents then flowing through individual 
parts of a finite element model of a to-be-coated object 
(1 0) is obtained, the electric variables of currents flowing 
through the respective surfaces of the finite elements of 
the to-be-coated object are obtained and accumulated 
according to the current distribution, the thickness of an 
electrodeposition coating film is calculated as h = ZK F - 
l c C.E.At/p if the cumulative electric variable is higher 
than a deposition starting electric variable such that a 
fixed concentration is attained by OH- or H+. 
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Description 

[0001] The present invention relates to an electrodeposition coating film thickness calculating method for calculating 
the thickness of an electrodeposition coating film and an electrodeposition coating film thickness simulation apparatus. 

5 [0002] Electrodeposition coating is carried out in a manner such that a to-be-coated object such as the body of an 
automobile, an anode, and a cathode are located in an electrolytic cell that is filled with an electrodeposition coating 
fluid, and a film is formed on the surface of the to-be-coated object by electrophoresis. In this electrodeposition coating, 
the film is first formed on the surface of an outside plate portion of the to-be-coated object that is subject to high voltage. 
The electrodeposition coating enjoys good throwing power such that paint particles gradually adhere to the inner part 

10 of the to-be-coated object that bears no film as the film resistance of the outside plate portion increases. 

[0003] Owing to its high rustproof properties as well as the good throwing power, the electrodeposition coating is 
used as prime-coating for the underside of the body of an automobile. 

[0004] Current easily flows through the outside of the to-be-coated object in a liquid and does not through the inside. 
A film cannot be easily formed inside a pouchy structure of the car body. It is hard, in particular, to form a film inside a 
15 frame member of the car body, such as a side frame portion that is expected to store a reinforcing material for safety, 
as well as the pouchy structure. 

[0005] Thus, film formation requires thickness control. 

[0006] In a conventional film control system, an actual production line is used to apply electrodeposition coating to 
an actually manufactured car body, in order to confirm satisfactory film formation. Thereafter, various parts of the car 
20 body are cut, and the thickness of a film on each inside part is measured to be checked for adequacy. 

[0007] Using the actual car body, however, this thickness control is troublesome. If the throwing power of the film is 
insufficient, moreover, the film thickness measurement using the actual car body is expected to be repeated again after 
the throwing power is improved, so that substantial cost and time are required inevitably. 

[0008] The object of the present invention is to provide an electrodeposition coating film thickness calculating method 
25 capable of calculating the respective thicknesses of films electrodeposited on various parts of a to-be-coated object 
with high accuracy by using data on an analytic model that replaces the to-be-coated object without using the actual 
to-be-coated object and an electrodeposition coating film thickness simulation apparatus. 

[0009] In an aspect of the present invention, a thickness h of a film electrodeposited on the surface of the to-be- 
coated object is calculated according to h = ZK F I C C.E. At/p (K F is an electrodeposit coating equivalent, l c is a film 
30 deposition current density. C.E. is a current efficiency. At is a time interval, and p is a film density). 

[001 0] This summary of the invention does not necessarily describe all necessary features so that the invention may 
also be a sub-combination of these described features. 

[001 1] The invention can be more fully understood from the following detailed description when taken in conjunction 
with the accompanying drawings, in which: 

35 

FIG. 1 is a block diagram showing a system for carrying out an electrodeposition coating film thickness calculating 
method according to an embodiment of the invention; 
FIG. 2 is a flowchart for illustrating the film thickness calculating method; 
FIG. 3 is a flowchart for illustrating the details of the film thickness calculating method; 
40 FIG. 4 is a perspective view showing the environment of electrodeposition coating; 

FIG. 5 is a perspective view showing an analytic model obtained by meshing an electrolytic cell used for the 
electrodeposition coating by the finite element method; 

FIG. 6 is a perspective view showing analytic models obtained by meshing a to-be-coated object and an anode 
used for the electrodeposition coating; 
45 FIG. 7 is a perspective view showing an electrodeposition coating film thickness distribution displayed on the 

analytic model by film thickness calculation; 

FIG. 8 is a diagram showing a one-dimensional model of the potential distribution between a cathode and the 
anode in the electrolytic cell; 

FIG. 9 is a diagram showing the construction of an experimental cell; 
50 FIG. 1 0 is a time chart showing change of the coating voltage with time; 

FIG. 1 1 is a diagram showing the relation between the quantity of electricity and the weight of deposit for the coating 
time of 180 sec; 

FIG. 12 is a diagram showing the relation between the coating time and the deposition invalid electric variable; 
FIG. 13 is a diagram comparatively showing time-based changes of all currents at the coating voltage of 50 V; 
55 FIG. 14 is a diagram comparatively showing time-based changes of all currents at the coating voltage of 150 V; 

FIG. 1 5 is a diagram comparatively showing time-based changes of all currents at the coating voltage of 250 V; and 
FIG. 1 6 is a diagram comparatively showing changes of film thickness at coating voltages of 50 V, 1 50 V, and 250 
V with time. 
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[0012] An embodiment of the present invention will now be described with reference to the accompanying drawings. 
[0013] FIG. 1 shows a system used to calculate the thickness of an electrodeposition coating film. In FIG. 1, numeral 
1 denotes a personal computer (hereinafter referred to as PC). The body of the PC 1 is mounted with a CPU 2 and a 
memory 3. Further, the PC 1 is connected with a keyboard 4, display unit 5, and FDD (floppy disc drive) 6. 

5 [0014] The memory 3 is stored with a finite element method program that is needed in preparing a meshed finite 
element model, for example. Based on this finite element method program, a finite element model is prepared that 
replaces an electrolytic cell 7 filled with an electrodeposition coating fluid used in an actual electrodeposition coating 
process, for example, shown in FIG. 4, an anode 8 and a cathode 9 that are located in the fluid in the electrolytic cell 
7, and a to-be-coated object, such as a front side member portion 1 0 (e.g. , a portion in the form of a flat bottomed tube 

10 having small holes 1 0a in a part of its peripheral wall) of the body of an automobile, located in the fluid so as to conduct 
to the cathode 9. 

[0015] The memory 3 is stored with: 

(a) a program for simulating time-based change of potential in the electrolytic cell 7 of the finite element model 
15 made when current is supplied between the anode 8 and the cathode 9 of the finite element model; 

(b) a program for obtaining the distribution of currents that flow through the respective surfaces of various parts 
of the finite element model of the side member portion 1 0 according time-based potential; 

(c) a cumulative program for obtaining electric variables that flow through the surfaces of the element for the 
individual elements thereof, according to the current distribution, and integrating (accumulating) the electric vari- 

20 ables only when the density of the current that flows through the side member portion 1 0 exceeds a current density 

l d are consumed diffusively; 

(d) a function for determining whether or not the cumulative electric variable Q is higher than an electric variable 
deposition starting electric variable Q 0 that involves predetermined deposition of an electrodeposit coating material 
with OH - ions or H+ ions at a concentration; 

25 (e) a function for calculating a thickness h of a film electrodeposited on the surface of the side member portion 1 0 

according to 

h = ZK F l c C.E.At/p (1) 

30 

based on experimentally set parameters K F , C.E., At, p that are inputted by means of the keyboard 4 or the 
like if the cumulative electric variable Q is higher than the deposition starting electric variable Q 0 ; 

(f) a function for calculating the thickness of the film electrodeposited on the surface of the side member portion 
10 according to 

35 

h = E ccK F l c C.E. At/p (2) 

if the cumulative electric variable Q is not higher than the deposition starting electric variable Q 0 , where a is 
40 an initial deposition coefficient, K F is an electrodeposition coating equivalent, l c is a film deposition current density. 

C.E. is a current efficiency, At is a time interval, and p is a film density; and 

(g) a function for displaying the calculated film thickness for each element of the side member portion 10, e.g., for 
color-coding and displaying each film thickness, till the passage of conduction time for electrodeposit coating. 

45 [0016] The flowcharts of FIGS. 2 and 3 show processes for the film thickness calculation made by means of the 
functions described above. 

[0017] An electrodeposition coating film thickness calculating method will now be described with reference to these 
flowcharts. 

[0018] First, an analytic model of the environment of electrodeposition coating for the side member portion 10 (to- 

50 be-coated object) in Step S1 . 

[0019] The finite element method is used for this process. The PC 1 is operated to prepare meshed analytic models 
(finite element models) of finite elements, including an analytic model A of the electrolytic cell 7, analytic model B of 
the side member portion 10, and analytic model C of the anode 8, according to data on the individual members and 
components, as shown in FIGS. 5 and 6. These analytic models A to C are based on the respective shapes of the 

55 electrolytic cell 7 that is filled with the actual electrodeposition coating fluid, anode 8. cathode 9. and side member 
portion 1 0 that conducts to the cathode 9, as shown in FIG. 4. 

[0020] Then, the PC 1 is operated to supply current between the anode 8 and the cathode 9, as in the case of the 
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actual electrodeposition coating, thereby simulating the time-based potential distribution in the electrolytic cell 7 that 
is the distribution obtained when the side member portion 1 0 is subjected to electrodeposition coating. Thereupon, the 
program advances to Step S3, a process for calculating the film thickness for each element A1 . 
[0021] The following is a description of the mechanism of electrodeposition. The following reaction advances to 
separate out a film on the cathode surface that is subjected to cation electrodeposit coating: 

2H 2 0 + 2e=H 2 +20H" ; (3) 

RNH 3 + + OH" = RNH 2 + H 2 0. (4) 

[0022] Here RNH 3 + represents paint particles. If current is supplied to a cation-based paint in the manner based on 
equation (3), water is electrolyzed on the cathode surface to generate OH- ions. When its concentration then attains 
a certain level, OH- ions react with the paint particles dispersed in a solution and generates water as indicated by 
equation (4). The paint particles discharged by this reaction are extracted as a film on the electrode surface. Some of 
the generated OH- ions disappear with time from a region near the electrode under the influence of diffusion and 
migration. 

[0023] In electrodeposition coating, a film of a substantially insulating material is separated out by current. This film 
acts as a resistance, and the current gradually decreases with the increase of the film thickness. The analysis of the 
electrodeposition coating is an unsteady problem that involves time-based change of current. If the time term is digitized 
by the differential method, a steady-state current field problem on a conductor can be reached. Accordingly, it is sup- 
posed that Laplace equation (5) having a potential as an unknown can be established for the regions of the paint, 
film, and electrode (cathode). FIG. 8 shows the one-dimensional distribution of the potential $ between the cathode 
and the anode. In FIG. 8, Vco is a potential on a boundary surface on which the film and the cathode are in contact 
with each other, and Vc is a potential on a boundary surf ace on which the film and the paint are in contact with each other. 
[0024] A current density i can be obtained from equation (6) if the potential § is settled. Here k of equation (6) is 
conductivity. The Laplace equation can be subjected to a computerized numerical analysis by using a simulation tech- 
nique such as the FEM (finite element method): 

V% = 0, (5) 



i = - k V 4 . (6) 

[0025] In the electrodeposition coating, Faraday's Law can be established for the quantity of electricity and the gen- 
eration of OH" ions. Since a film is formed as OH" ions and paint particles react with one another, however, the relation 
between the quantity of electricity and the film formation is not clear. For the analysis of the film thickness distribution 
for the electrodeposition coating, Laplace equation (5) that determines the current flow and a diffusion equation for 
OH - ions and paint particles must be achieved and solved. However, the analysis is not practical if this operation is 
carried out faithfully under the calculating capacity of the modern computer. 

[0026] In order to make a practical film thickness distribution simulation for electrodeposition coating, therefore, the 
relation between the quantity of electricity and the weight of film deposit must be settled experimentally. Only if this 
relation can be settled, the electrodeposition coating film thickness distribution can be determined in the same manner 
as in the analysis of the deposit thickness distribution. 

[0027] If the concentration of OH - ions attains a certain level, as mentioned before, OH - ions acts as a positive charge, 
and a film is separated out on the surface of the to-be-coated object or the side member portion 10. If its electrical 
resistance increases as the film is separated out in this manner, the paint particles are separated out in unfilmed (inside) 
regions (throwing power phenomenon). 

[0028] The film thickness was calculated according to a well-known computational expression for deposit thickness. 
[0029] More specifically, the computational expression for deposit thickness is given by 

h = ZK F IC.E.At/p. (7) 

[0030] Since the electrodeposition coating is different from plating in view of reaction, it is necessary only that the 
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computational expression be changed with respect to those parts which are related to the reaction. 
[0031] Thus, the electrodeposition coating involves the problem of the density of current (diffusively consumed cur- 
rent density) that is consumed for generating OH - ions diffusively getting away from the surface of the electrode irre- 
spective of generating the film, so that "Ic = I - l d " is used to define this current density. In consideration of whether or 

5 not OH - ions are more than an electric variable results in the concentration of OH - ions with which predetermined 
deposition of the electrodeposit paint is involved, moreover, an attempt was made to calculate the electrodeposition 
coating film thickness is by properly using two computational expressions (1) and (2) that include Ic. 
[0032] More specifically, in the calculation of the electrodeposition coating film thickness, as in Step S4 of the flow- 
chart of FIG. 3 ; the distribution of the currents that flow through the respective surfaces of the various parts of the finite 

10 element model of the side member portion 1 0 according to a potential in the electrolytic cell is obtained during simulating 
time-based change of potential in the electrolytic cell of the finite element model. 

[0033] In Step S5, the electric variables of the currents that flow through the respective surfaces of the elements of 
the model are obtained and accumulated according to the distribution of the currents. In order to avoid the influence 
of consumed current due to the diffusion of OH - ions, as this is done, the electric variables are integrated when I > l d 
15 is given, and are not when I ^ l d is given. 

[0034] Then , in Step S6, whether or not the cumulative electric variable is higher than the deposition starting electric 
variable Q 0 is determined. 

[0035] If the cumulative electric variable Q is higher than the deposition starting electric variable Q 0 (Q > Q 0 ), the 
thickness h of the electrodeposition coating film is calculated according to 

20 

h = ZK F (I- l d )C.E.At/p 

= ZK F l c C.E.AVp, (8) 

25 

which is given in consideration of a current density that is obtained by subtracting the diffusively consumed current 
density l d . If the cumulative electric variable Q is not higherthan the deposition starting electric variable Q 0 , the thickness 
h of the electrodeposition coating film is calculated according to 

30 

h = ZocK F (l - l d )C.E.At/p 

= IccK F l c C.E.At/p, (9) 

35 which is given also in consideration of the initial deposition coefficient a that prevents fluctuation of calculated values. 
[0036] In Step S20, parameters C.E., At, p, K F that fulfill the computational expression for the film thickness are 
externally inputted by means of the keyboard 4, for example. More specifically, values that match an electrodeposition 
coating environment are inputted. 

[0037] In order to secure high calculating accuracy, the electrodeposition coating equivalent K F , diffusively consumed 
40 current density l d , and deposition starting electric variable Q 0 , among the aforesaid parameters, are settled in an ex- 
periment using a testing set, e.g., a constant-voltage coating test on flat plates. 

[0038] The constant-voltage coating test will be described first. In order to clear the relation between the quantity of 
electricity and the weight of film deposit, an experiment was conducted to subject flat plates to constant-voltage coating 
using an experimental cell, such as the one shown in FIG. 9. FIG. 1 0 shows a time chart for the coating voltages. The 
45 temperatures and stirring conditions are adjusted to the electrodeposition coating environment to which the analysis 
is applied. The current, quantity of electricity, and weight of deposit are measured for voltages of 50, 150, and 250 V 
and coating times of 60, 1 20, and 1 80 sec. 

[0039] The 1 80 sec is the coating time of the side member portion 1 0 in the actual electrodeposition coating. 
[0040] The following is a description of the settlement of the electrodeposition coating equivalent K F . TABLE 1 shows 

50 measurement data on the quantity of electricity and the weight of deposit in terms of values per unit area. The regression 
analysis is applied to the quantity of electricity and the weight of deposit for the coating voltages of 50, 1 50, and 250 
V and the coating times of 60, 120, and 180 sec. The graph of FIG. 11 shows the result of application of the regression 
analysis. The graph indicates that the weight of film deposit is substantially proportional to the quantity of electricity. 
The coefficient of proportion for this case represents the weight of film deposit per 1 C, which will be referred to as 

55 electrodeposition coating equivalent K F . The point of intersection of the X-axis and the regression line of the graph 
represents an electric variable that is not related to the film deposition for 1 80 sec of quantity of electricity. The electric 
variable that is not associated with the deposition will be referred to as the deposition invalid electric variable for the 
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coating time of 180 sec. 
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[0041] The following is a description of the settlement of the diffusively consumed current density l d and the deposition 
starting electric variable Q 0 . 

[0042] The film deposition electric variable of TABLE 2 was obtained by dividing the weight of deposit for each coating 
time by a previously settled electrodeposition coating equivalent K F . The deposition reactive electric variable of TABLE 

5 1 is a difference between the quantity of electricity and the film deposition electric variable for each coating time. Then , 
the regression analysis is applied to the deposition invalid electric variable and the coating time for each of the coating 
voltages shown in TABLE 1 (FIG. 12). The increase of the deposition invalid electric variable per unit time, a coefficient 
of proportion, will be referred to as the diffusively consumed current density. Further, a Y-section value for regression 
analysis will be referred to as the deposition starting electric variable. TABLE 1 shows the diffusively consumed current 

10 density and the deposition starting electric variable for each coating voltage obtained in this manner. The diffusively 
consumed current densities for the individual coating voltages are subject to some dispersion, which is within about 
±5% of the average, 2.42, shown in TABLE 3. This average diffusively consumed current density was settled as a 
diffusively consumed current density l d of a computational expression for film thickness. The diffusively consumed 
electric variable for the. coating time of 180 sec was obtained from this diffusively consumed current density l d , and 

15 the difference between this value and the deposition invalid electric variable for the coating time of 1 80 sec was settled 
as the deposition starting electric variable Q 0 of a parameter of the computational expression for film thickness for this 
paint (TABLE 3). Although in order to settle each of parameter under the constant voltage experiment, the electrodepo- 
sition coating time at which a result of analysis want to be examined is settled. 

[0043] Therefore, the difference between the film thickness by the analysis and the actual film thickness becomes 

20 small. In this case, after 1 80 sec is settled. 

[0044] The following is a description of the settlement of the conductivity of films. TABLE 2 shows processes for 
obtaining the conductivity of the films. The currents in this table are currents for the individual voltages and individual 
conduction times. The film thickness was calculated from the weight of deposit of TABLE 1 with the film density of the 
film generated from the electrodeposit paint using in this experiment using 1,400 kg/m 3 . A film voltage, which is a 

25 voltage applied to the film, has a value that is obtained by subtracting a potential drop for the paint portion from the 
coating voltage. The potential drop of the paint portion was obtained as the product of the current value with the 
resistance of the paint portion adjusted to 53. 6£2 (sectional area: 100 x 160 mm, length: 150 mm, conductivity of the 
electrodeposit paint: 0.1 75 S/m). The respective conductivities of the films obtained in this manner were subject to a 
dispersion of about ±10% of the average of all the values at the maximum. This analysis used the average of all the 

30 values obtained as the conductivities K of the films. 
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[0045] In the analysis, as described above, the cell used in. the experiment was modeled and meshed in tetrahedral 
elements. In consideration of the symmetry of the cell, it is necessary only that half of its whole region be modeled. 
The elements include metal (cathode), film, overvoltage, paint, and anode. The cathode is formed of solid elements 
such that it is as thick as a metal material. A film with zero thickness and overvoltage elements are located on the 

5 outside of the cathode. The analytic model has 5,71 0 nodes and 1 9,838 elements. TABLE 3 shows analytic parameters. 
Calculation was repeated 84 times at varied intervals of 0.5, 1 , 2, 3, 5, 10 and 20 sec and for the coating time of 180 sec. 
[0046] FIGS. 1 3 to 1 5 are graphs showing comparative results of experiments and analyses on changes of all currents 
with time. FIG. 16 is a graph comparatively showing changes of film thickness with time. With all currents compared, 
initial peak current values for three voltages agree well with one another, and the times for the current peaks are 

10 substantially coincident, although the timing for the analyses is somewhat delayed. While there are considerable de- 
viations after the passage of 30 sec for the voltage of 250 V, the current values for the three voltages finally agree well. 
Although the results of the experiments and the analyses for the film thickness distribution are subject to some differ- 
ences after the passage of 60 sec, they agree well in 1 80 sec. 

[0047] An FEM program was developed for calculating the electrodeposition coating film thickness in this manner. 

15 Practical film thickness calculating accuracy was able to be obtained in a manner such that an expression for film 
thickness calculation based on a deposition mechanism for electrodeposition coating was incorporated in the program 
on the assumption that a Laplace equation can be established having potentials in the regions for the cathode, film, 
overvoltage, and. paint as unknowns. The expression for film thickness includes new parameters, a current value 
consumed due to the diffusion of OH" ions and an electric variable at which OH" ions' concentration reaches a constant 

20 concentration. The electrodeposition coating equivalent K F , film deposition per 1 C, was settled as a constant by sep- 
arating electric variables that are associated with film deposition from electric variables that are not. 
[0048] The constant-voltage coating test on flat plates was analyzed, and experimental and analytic values were 
compared to confirm the high accuracy of film thickness analysis. 

[0049] Although the initial deposition coefficient a has no substantial influence on the film thickness as the result of 
25 the analysis, it is set at a value such that overshooting of current in the process of calculation and the aforementioned 
fluctuation of the calculated values can be prevented effectively, and is inputted from the keyboard 4 shown in S20. 
[0050] TABLE 3 shows specific figures for the parameters settled in this manner. 



TABLE 3 



Item 


Symbol 


Unit 




Deposition invalid electric variable 


Qi 


C/m 2 


625.2 


Electrodeposition coating equivalent 


K F 


kg/C 


7.03 X 10" 5 


Diffusively consumed current density 


>d 


A/m 2 


2.42 


Diffusively consumed electric variable 


Q d 


C/m 2 


435.6 


Deposition starting electric variable 


Q 0 


C/m 2 


189.6 


Coating time 


T 


sec 


180 



[0051] The film thickness for each element of the analytic model of the side member portion 10 is calculated with 
the passage of the coating time as the processes for film thickness calculation using the settled parameters advances. 
Before the termination of the coating time, the results of the film thickness calculation (Step S1 0) for these individual 
parts are delivered to the screen of the display unit 5 (Step S1 1 ) with a film thickness distribution such that a difference 
in thickness is indicated by a difference in color, as shown in FIG. 7. 

[0052] It is necessary only that the film thickness of each part of the side member portion 10 be checked for adequacy 
with reference to the display. A comparison was made between maximum and minimum film thicknesses, more spe- 
cifically, film thicknesses analytically obtained at two points (point a on the outer surface and point b on the inner 
surface) of the side member portion 10, and film thicknesses experimentally obtained at the two points of the side 
member portion 10 by actual electrodeposition coating. Thereupon, it was confirmed that those film thicknesses re- 
sembled with high accuracy. 

[0053] Thus, the thicknesses of films electrodeposited on various parts of the to-be-coated object can be calculated 
with high accuracy by only executing data processing of the analytic model that replaces the to-be-coated object without 
using the actual to-be-coated object that is complicated and expensive. If the throwing power is insufficient, the for- 
mation of films with satisfactory thicknesses can be confirmed by only modifying data on the analytic model to change 
the current flow and the respective shapes of the individual parts. Thus, the film thickness can be easily controlled at 
low cost. Since the electric variables of the currents that flow through the surfaces of the to-be-coated object are 
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accumulated only when the diffusively consumed current density is exceeded, in particular, the film thickness can be 
calculated with high accuracy. 

[0054] Further, a program for carrying out the electrodeposition coating film thickness calculating method described 
in connection with the foregoing embodiment may be stored in a flexible disc. In this case, the program is set in an 

5 FDD 6 so that it can be downloaded. 

[0055] It is to be understood that the present invention is not limited to the embodiment described above, and that 
various changes and modifications may be effected therein by one skilled in the art without departing from the scope 
or spirit of the invention. In the foregoing embodiment, for example, a side frame in the shape of a flat tube is used as 
the to-be-coated object. Naturally, however, the invention may be effectively applied to the case of electrodeposition 

10 coating of members of any other shapes. Further, the methods for settling and inputting the parameters are not limited 
to the embodiment described herein. 



Claims 

15 

1. An electrodeposition coating film thickness calculating method characterized by comprising: 

originating data on a finite element model having a shape corresponding to an electrolytic cell (7) filled with 
an electrodeposition coating fluid, an anode (8) and a cathode (9) located in the fluid in the electrolytic cell, 
20 and a to-be-coated object immersed in the fluid so as to conduct to the cathode; 

supplying current between the anode and the cathode, thereby simulating a time-based potential distribution 
in the electrolytic cell (7) in case of electrodeposition coating; 

calculating the distribution of current then flowing through the surface of each part of the finite element model 
of the to-be-coated object; 

25 obtaining and accumulating the electric variables of currents flowing through the respective surfaces of the 

elements of the to-be-coated object; 

determining whether or notthe cumulative electric variable is higherthan a deposition starting electric variable; 
calculating a thickness h of a film electrodeposited on the surface of the to-be-coated object according to h = 
ZK F l c C.E.At/p (K F is an electrodeposition coating equivalent, l c is a film deposition current density, C.E. is a 
30 current efficiency, At is a time interval, and p is a film density) if the cumulative electric variable is higherthan 

the deposition starting electric variable; and 

calculating the thickness h of the film electrodeposited on the surface of the to-be-coated object according to 
h = £ccK F l c C.E.At/p (a is an initial deposition coefficient) if the cumulative electric variable is not higherthan 
the deposition starting electric variable. 

35 

2. An electrodeposition coating film thickness calculating method according to claim 1 , characterized in that said 
electrodeposition coating equivalent K F is obtained as the weight of film deposit per 1 C by subjecting a flat plate 
to constant-voltage coating at different voltages for different coating times, measuring the quantity of electricity 
and the weight of film deposit separated out on the flat plate of the cathode, and regressively analyzing the relation 

40 between the quantity of electricity and the weight of deposit. 

3. An electrodeposition coating film thickness calculating method according to claim 2, characterized in that said 
deposition starting electric variable is calculated as an electric variable at the point of intersection with the Y-axis 
for regression analysis by dividing the weight of deposit for each coating time by the electrodeposition coating 

45 equivalent K F , thereby calculating a film deposition electric variable, obtaining the difference between the quantity 

of electricity and the film deposition electric variable for each coating time, thereby calculating a deposition invalid 
electric variable, and applying regression analysis to the deposition invalid electric variable and the coating time 
for each coating voltage, thereby calculating an increase of the deposition invalid electric variable per unit time as 
a diffusively consumed electric variable. 

50 

4. An electrodeposition coating film thickness calculating method according to claim 2, characterized in that said 
deposition starting electric variable is obtained by dividing the weight of deposit for each coating time by the elec- 
trodeposition coating equivalent K F , thereby calculating a film deposition electric variable, obtaining the difference 
between the quantity of electricity and the film deposition electric variable for each coating time, thereby calculating 

55 a deposition invalid electric variable, applying regression analysis to the deposition invalid electric variable and 

the coating time for each coating voltage, thereby calculating an increase of the deposition invalid electric variable 
per unit time as a diffusively consumed electric variable, calculating an average of diffusively consumed current 
densities for individual coating voltages, calculating the diffusively consumed electric variable for the coating time 
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of 1 80 sec from the average diffusively consumed current density, and subtracting the diffusively consumed electric 
variable for the coating time of 1 80 sec from the deposition reactive electric variable for the coating time of 1 80 sec. 

An electrodeposition coating film thickness calculating method according to claim 1 , characterized in that said 
deposition starting electric variable is an electric variable obtained when a fixed concentration is attained by OH - 
ions generated on the electrode surface of the cathode (9). 

An electrodeposition coating film thickness calculating method according to claim 1, characterized in that said 
deposition starting electric variable is an electric variable obtained when a fixed concentration is attained by H + 
generated on the electrode surface of the anode (8). 

An electrodeposition coating film thickness calculating method according to claim 1, characterized in that said 
electric variables of the currents flowing through the respective surfaces of the finite elements of the to-be-coated 
object are accumulated only when a diffusively consumed current density corresponding to diffusively consumed 
current is exceeded. 

A film thickness simulation apparatus characterized by comprising: 
an input unit configured to be loaded with various parameters; 

electrodeposition coating film thickness calculating means for calculating the thickness of an electrodeposition 
coating film; and 

a display unit configured to display the electrodeposition coating film thickness, 
the electrodeposition coating film thickness calculating means comprising: 

originating data on a finite element model having a shape corresponding to an electrolytic cell filled with 
an electrodeposit coating fluid, an anode and a cathode located in the fluid in the electrolytic cell, and a 
to-be-coated object immersed in the fluid so as to conduct to the cathode; 

supplying current between the anode and the cathode, thereby simulating a time-based potential distri- 
bution in the electrolytic cell in case of electrodeposit coating; 

calculating the distribution of current then flowing through the surface of each part of the finite element 
model of the to-be-coated object; 

obtaining and accumulating the electric variables of currents flowing through the respective surfaces of 
the elements of the to-be-coated object; 

determining whether or not the cumulative electric variable is higher than a deposition starting electric 
variable; 

calculating a thickness h of a film electrodeposited on the surface of the to-be-coated object according to 
h = ZK F I C C.E. At/p (K F is an electrodeposit coating equivalent, l c is a film deposition current density, C. 
E. is a current efficiency, At is a time interval, and p is a film density) if the cumulative electric variable is 
higher than the deposition starting electric variable; and 

calculating the thickness h of the film electrodeposited on the surface of the to-be-coated object according 
to h = ZaK F l c C.E.At/p (a is an initial deposition coefficient) if the cumulative electric variable is not higher 
than the deposition starting electric variable. 



13 



EP 1 270 766 A2 




FIG.1 



S1 

Z 



Originate finite element data 



S2 



S3 



S11 



S20 
Z. 



Settle various parameters 



Simulate electrodeposition 



Film thickness calculation 



Display result ot calculation 



FIG.2 



14 



EP 1 270 766 A2 



Film thickness calculation 



3 



Obtain current distribution 



-S4 



Accumlate electric variables ot 
currents flowing through cathode 
surface for each finite element 
(integrate only when I > Id is given) 




-S5 



No (0<Q^Qo) 



h=ZkF(l-ld)C.EAt//> 
=ZkF IcC.EAt//) 
lc=l-ld 



h=ZakF(l-ld)C.E.At/ p ' 
=Z*kFlc C.E.At//) 
lc=l-ld 



S7 






Yes 






Output result of calculation 


> 





-S10 



( End ) 



FIG.3 



15 



EP 1 270 766 A2 




FIG.5 
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